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(54) Graphical user interface with scaling of displayed objects with shifts to the periphery

(57) The present invention relates to a system that
facilitates multi-tasking in a computing environment. A
focus area component (120) defines a focus area (160)
within a display space (150) - the focus area (160) oc-
cupying a subset area of the display space (150) area.
A scaling component (130) scales display objects (190)
as a function of proximity to the focus area (160), and a
behavior modification component (140) modifies re-
spective behavior of the display objects (190) as a func-
tion their location of the display space (150). Thus, and
more particularly the subject invention provides for in-
teraction technique(s) and user interface(s) in connec-
tion with managing display objects (190) on a display
surface. One aspect of the invention defines a central
focus area (160) where the display objects (190) are dis-
played and behave as usual, and a periphery (170) out-
side the focus area (160) where the display objects
(190) are reduced in size based on their location, getting
smaller as they near an edge of the display surface so
that many more objects can remain visible. In addition
or alternatively, the objects (190) can fade as they move
toward an edge, fading increasing as a function of dis-
tance from the focus area (160) and/or use of the object
(190) and/or priority of the object (190). Objects (190)
in the periphery (170) can also be modified to have dif-
ferent interaction behavior (e.g., lower refresh rate, fad-
ing, reconfigured to display sub-objects based on rele-
vance and/or visibility, static,...) as they may be too small
for standard rendering. The methods can provide a flex-

ible, scalable surface when coupled with automated pol-
icies for moving objects (190) into the periphery (170),
in response to the introduction of new objects or the re-
sizing of pre-existing objects by a user or autonomous
process.
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Description

TECHNICAL FIELD

[0001] The present invention relates generally to user
interfaces, and more particularly to a graphical user in-
terface, data structure and method to facilitate manage-
ment of data.

BACKGROUND OF THE INVENTION

[0002] Various graphical user interfaces have been
developed to provide a rich experience for computer us-
ers. Computer programs typically provide a graphical
user interface (GUI) to facilitate data entry, to enable
viewing output on a display screen, as well as to manip-
ulate or rearrange data. A graphical user interface can
be associated with an application program or operating
system shell, which may be running on a user's local
machine and/or remotely, such as in a distributing com-
puting system or over the Internet. In view of continuing
technological developments and increasing use of the
Internet, people are using computers to access informa-
tion to an ever-increasing extent. Such information can
reside locally on the person's computer or within a local
network or be global in scope, such as over the Internet.
[0003] Users of window-based graphical user inter-
faces face difficult problems when they employ a same
machine for multiple tasks or activities - they often have
a large number of windows to manage, with many win-
dows for each task. Switching between tasks is difficult
because the windows often can be scattered around.
Moreover, if windows are minimized while not in use,
they are typically not organized together. If not mini-
mized, a user can be faced with a difficult task of locating
all relevant obscured windows and bringing them to a
top of a display.
[0004] When users begin employing large display
configurations (e.g., multiple monitors), managing win-
dows and tasks becomes an ever more difficult problem,
because minimized windows are kept in a location that
may be significantly distant from where they will be
used. Managing many display objects on small displays
(e.g., PDA's) is also difficult - in such case, oftentimes
sufficient screen space is not available to display objects
of interest.
[0005] Although various attempts have been made
via conventional user interface schemes to address
some of the aforementioned concerns, there is still a
substantial unmet need for a system and/or methodol-
ogy that facilitates efficient use of valuable computer
desktop real estate in a multi-task working environment.

SUMMARY OF THE INVENTION

[0006] The following presents a simplified summary
of the invention in order to provide a basic understand-
ing of some aspects of the invention. This summary is

not an extensive overview of the invention. It is not in-
tended to identify key/critical elements of the invention
or to delineate the scope of the invention. Its sole pur-
pose is to present some concepts of the invention in a
simplified form as a prelude to the more detailed de-
scription that is presented later.
[0007] The subject invention relates to a system and/
or method that provides for interaction technique(s) and
user interface(s) in connection with managing display
objects on a display surface. One aspect of the invention
defines a central focus area where the display objects
are displayed and behave as usual, and a periphery out-
side the focus area where the display objects are re-
duced in size based on their location, getting smaller as
they near an edge of the display surface so that many
more objects can remain visible. In addition or alterna-
tively, the objects can fade and/or become increasingly
transparent as they move toward an edge - fading in-
creasing as a function of distance from the focus area
and/or use of the object and/or priority of the object. Ob-
jects in the periphery can also be modified to have dif-
ferent interaction behavior (e.g., lower refresh rate, fad-
ing, reconfigured to display sub-objects based on rele-
vance and/or visibility, static, ...) since they may be too
small for standard techniques.
[0008] The invention can be implemented in connec-
tion with any suitable display area (e.g., large display
surfaces, standard display surfaces and small, for ex-
ample PDA, displays as well). The invention has wide
applicability to window and task management in a multi-
task computing environment, for example. In such case,
display objects are typically windows although they can
be objects (e.g., documents, presentations, media, pic-
tures, audio files, video files...) as well. In the focus area,
the windows can have a standard appearance and be-
havior. When the display objects cross into a periphery
of the focus area, the objects reduce in size and the be-
havior can change to a much simpler set of interactions.
For example, refresh rate of the windows can be made
a function of size and/or distance from the focus area.
In addition or alternatively, the windows outside of the
periphery can become static until repositioned into the
focus area.
[0009] By grouping windows in the periphery into clus-
ters, and supporting cluster operations (e.g., move all
cluster windows into the focus area, or move windows
in the focus area back to their peripheral location), the
invention significantly facilitates task management, al-
lowing user(s) to easily swap from one task (or activity)
to another.
[0010] Another aspect of the invention provides for
employing computer-based intelligence (e.g., inference,
probabilistic determination, statistical determination,
machine learning...) that can move the display objects
as a function of activity and/or priority associated there-
with. For example, display objects that have not been
used for a predetermined period of time can be made to
drift from the focus area to the edge of the display space.
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Likewise, size of the display object can also be automat-
ically adjusted as a function of various pre-defined and/
or learned metrics. Moreover, based on computer-
based inference as to a user desired display of object
(s), object(s) can automatically be moved to the focus
area for interaction therewith based at least upon pre-
determined and/or learned metrics associated with user
use and inferred intentions.
[0011] It is to be appreciated that the subject invention
is not limited to window and/or task management, but
can work for any suitable kind of display objects. For
example, the invention can be employed in connection
with photo management.
[0012] One particular aspect of the invention relates
to a notion of automated, patterned, canonical display
object (e.g., window) motion given enlargement or
opening of indicia at a center of focus. A concept behind
such notion is the idea that the invention can include
flexible policies for effecting shifts of multiple display ob-
jects so as to automatically move older, less active ob-
jects into a periphery--and to pop them back when those
objects go away.
[0013] Another particular aspect of the invention re-
lates to a notion of fundamental transitions or phases of
transition that can be discontinuous, also to maintain, in
a substantially continuous manner scaling properties
associated therewith. In such case, a minimum density
or resolution of an object can be established as a thresh-
old and the object can be rendered into a different, po-
tentially less visually accessible representation - and the
object(s) can be re-rendered when other object(s) are
closed. Thus, the subject invention can provide for sev-
eral multilevel transitions, including continuous and po-
tentially discontinuous transitions.
[0014] Yet another aspect of the invention provides for
continuously adding more objects and a mechanism for
automatically shifting and moving off and on objects, in
a manner that keeps the respective objects on a screen
usable (e.g., above a particular resolution). The inven-
tion also provides a means for implicitly returning to sim-
ilar state(s) as newer objects are closed.
[0015] Another aspect of the invention relates to dis-
play object occlusion avoidance within a display area (e.
g., focus area, periphery or progressive shrink area) -
such aspect of the invention mitigates objects from ob-
scuring one another. An extension of this aspect relates
to cluster occlusion avoidance which mitigates clusters
from obscuring other clusters as well as mitigating merg-
ing (e.g., since clustering can be proximity based) of
clusters as a result of moving clusters.
[0016] Thus, the subject invention mitigates many of
the aforementioned windows and task management
problems by keeping windows open but making them
much smaller when they are not in use. By doing so, it
becomes possible to maintain a large number of win-
dows around the periphery of the display. Task manage-
ment is supported by placing windows into clusters that
represent tasks and adding some simple mechanisms

for task switching. Human spatial memory can be used
to facilitate locating a desired window or task. The in-
vention also mitigates a display object management
problem for small displays, because the objects in the
periphery take so little space.
[0017] To the accomplishment of the foregoing and re-
lated ends, certain illustrative aspects of the invention
are described herein in connection with the following de-
scription and the annexed drawings. These aspects are
indicative, however, of but a few of the various ways in
which the principles of the invention may be employed
and the present invention is intended to include all such
aspects and their equivalents. Other advantages and
novel features of the invention may become apparent
from the following detailed description of the invention
when considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 illustrates a general block diagram of a dis-
play system in accordance with the present inven-
tion.
FIGS. 2-4 illustrate a display space having a stable
region (e.g., focus area) and a progressive shrink
region in accordance with the subject invention.
FIGS. 5-13 illustrate a display object changing be-
havior in accordance with the subject invention.
FIGs. 14-17 illustrate a web page window object
changing behavior in accordance with the subject
invention.
FIG. 18 illustrates a plurality of display objects and
behavior thereof in accordance with the subject in-
vention.
FIGS. 19-20 illustrate a plurality of display objects
and behavior thereof in connection with a small de-
vice (e.g., PDA) display in accordance with the sub-
ject invention.
FIGS. 21-39 illustrate an optional aspect of transi-
tion of display objects off of screen (e.g., to side bar)
to another iconic form in accordance with the sub-
ject invention.
FIGS. 40-47 illustrate a focus region and/or pro-
gressive shrink region be configurable in accord-
ance with the subject invention.
FIGs. 48-68 illustrate various aspects of the inven-
tion relating to modifying behavior of certain sec-
ondary objects as a function of modification to a pri-
mary object, and various embodiments for modify-
ing behavior of display objects to facilitate a user
experience in accordance with the subject inven-
tion.
FIG. 69 illustrates a block diagram of a computer
operable to execute the disclosed architecture.
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DETAILED DESCRIPTION OF THE INVENTION

[0019] The present invention is now described with
reference to the drawings, wherein like reference nu-
merals are used to refer to like elements throughout. In
the following description, for purposes of explanation,
numerous specific details are set forth in order to pro-
vide a thorough understanding of the present invention.
It may be evident, however, that the present invention
may be practiced without these specific details. In other
instances, well-known structures and devices are
shown in block diagram form in order to facilitate de-
scribing the present invention.
[0020] As used in this application, the terms "compo-
nent" and "system" are intended to refer to a computer-
related entity, either hardware, a combination of hard-
ware and software, software, or software in execution.
For example, a component may be, but is not limited to
being, a process running on a processor, a processor,
an object, an executable, a thread of execution, a pro-
gram, and/or a computer. By way of illustration, both an
application running on a server and the server can be a
component. One or more components may reside within
a process and/or thread of execution and a component
may be localized on one computer and/or distributed be-
tween two or more computers.
[0021] The subject invention can incorporate various
inference schemes and/or techniques in connection
with scaling and/or modifying behavior of display ob-
jects. As used herein, the term "inference" refers gen-
erally to the process of reasoning about or inferring
states of the system, environment, and/or user from a
set of observations as captured via events and/or data.
Inference can be employed to identify a specific context
or action, or can generate a probability distribution over
states, for example. The inference can be probabilistic
- that is, the computation of a probability distribution over
states of interest based on a consideration of data and
events. Inference can also refer to techniques employed
for composing higher-level events from a set of events
and/or data. Such inference results in the construction
of new events or actions from a set of observed events
and/or stored event data, whether or not the events are
correlated in close temporal proximity, and whether the
events and data come from one or several event and
data sources.
[0022] Fig. 1 illustrates a schematic representation of
an aspect of a system 100 that facilitates controlling dis-
play object behavior in accordance with the subject in-
vention. A display component 110 effects rendering of
display objects on a display space (not shown). The dis-
play space is typically a screen in connection with a
computing system or device (e.g., desktop computer,
laptop computer, personal data assistant, wireless tele-
phone, television,...). The system 100 further comprises
a focus area component 120, a scaling component 130
and a behavior component 140. It is to be appreciated
that some or all of these components can be part of a

single component and/or comprise a plurality of sub-
components to effect various aspects of the subject in-
vention. The focus area component 120 provides for de-
fining a stable region or focus area (see e.g., reference
number 160 at Fig. 2). The focus area component 120
can also define a progressive shrink area (see e.g., ref-
erence number 170 at Fig. 2) which is typically located
about an outside periphery of the focus area.
[0023] The scaling component 130 provides for selec-
tively scaling attributes of a display object as a function
of location of the display object within the display space.
For example, when display object(s) are within the focus
area 160 the display objects are displayed and behave
as usual. When display objects are moved outside of
the focus area 160 into the progressive shrink region
170, the display objects can be reduced in size based
on their location, getting smaller as they near an edge
of the display surface so that many more objects can
remain visible. It is to be appreciated the display object
(s) can be moved outside of and into the focus area man-
ually (e.g., via a user employing a mouse), and it is con-
templated that display object(s) can be automatically
moved outside of and into the focus area by the system
100. Automatic action (e.g., relocating of objects) can
be taken as a function of the system 100 inferring a us-
er's intentions with respect to manipulating display ob-
ject(s). With respect to taking automatic action, machine
learning techniques can be implemented to facilitate
performing automatic action. Moreover, utility based
analyses (e.g., factoring benefit of taking correct auto-
matic action versus costs of taking incorrect action) can
be incorporated into performing the automatic action.
[0024] The behavior component 140 can provide for
modifying behavior of display objects in accordance with
the subject invention. For example, display object(s) lo-
cated within the focus area 160 can behave in a stand-
ard manner with full functionality. When display object
(s) are located outside of the focus area 160, function-
ality associated with the display object(s) can be modi-
fied. For example, refresh rates of the display object(s)
can be modified as a function of proximity to the focus
area 160 and/or to an edge of the display space. In other
words, objects in the periphery can also be modified to
have different interaction behavior (e.g., lower refresh
rate, static,...) since they may be too small for standard
techniques. In addition or alternatively, the objects can
fade as they move toward an edge - fading increasing
as a function of distance from the focus area and/or use
of the object and/or priority of the object.
[0025] Beyond smooth manipulation of such afore-
mentioned homogenous graphical properties with
moves to the periphery, the subject invention can also
facilitate richer notions of compression with the dimin-
ishing of size of objects, including compression with se-
lective elision of unimportant components of an object
and the selective sizing of multiple components, so as
to maximize likelihood that the object would still be rec-
ognizable in its reduced formulation. For example, key
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headings and distinctive figures might be reduced pro-
portionally less than less distinctive objects with the de-
creasing size of objects. Moreover, the number of dis-
play object(s) within the display space as well as within
the respective sections (e.g., focus area, and progres-
sive shrink area) can be factored into modifying behav-
ior of the display object(s). The behavior component 140
can apply any suitable number of and/or combination of
metrics (e.g., processing overhead, display space,
number of display objects, relative location of display
objects, priority associated with respective display ob-
jects, time of day, user state...) in connection with mod-
ifying display object behavior in accordance with the
subject invention.
[0026] As noted above, the invention also can provide
for object occlusion avoidance within a display area (e.
g., focus area, periphery or progressive shrink area) -
such aspect of the invention mitigates objects from ob-
scuring one another. An extension of this aspect relates
to cluster occlusion avoidance which mitigates clusters
from obscuring other clusters as well as mitigating merg-
ing (e.g., since clustering can be proximity based) of
clusters as a result of moving clusters. These features
are discussed in greater detail infra.
[0027] The system 100 also includes a data store 141
that can be employed to store information (e.g., histori-
cal data, user profile data, display object data, system
data, state information, algorithms, databases, display
object current and/or previous state data, user current
and/or previous state info. multiple user info., task-relat-
ed data...) in connection with the subject invention.
[0028] The system 100 can optionally include an arti-
ficial intelligence (AI) 144 that can facilitate automatical-
ly performing various aspects (e.g., modifying behavior
of display object(s), scaling of display object(s), chang-
ing size and/or location of focus areas, changing size
and/or location of progressive shrink areas, changing
geometries of respective focus areas, changing ge-
ometries of respective progressive shrink areas, turning
on and off functionalities associated with display ob-
jects, focus areas, progressive shrink areas, side
bars...) of the subject invention as described herein. The
AI component can optionally include an inference com-
ponent that can further enhance automated aspects of
the Al component utilizing in part inference based
schemes to facilitate inferring intended actions to be
performed at a given time and state. The AI-based as-
pects of the invention can be effected via any suitable
machine-learning based technique and/or statistical-
based techniques and/or probabilistic-based tech-
niques. For example, the use of expert systems, fuzzy
logic, support vector machines, greedy search algo-
rithms, rule-based systems, Bayesian models (e.g.,
Bayesian networks), neural networks, other non-linear
training techniques, data fusion, utility-based analytical
systems, systems employing Bayesian models,... are
contemplated and are intended to fall within the scope
of the hereto appended claims.

[0029] Although for ease of understanding, only a sin-
gle focus area, progressive shrink area and display area
are shown, it is to be appreciated that multiples of any
and all of these areas is contemplated and intended to
fall within the scope of the hereto appended claims. For
example, more than one focus area can exist with a dis-
play space, and locations of such focus areas can be
defined as desired. Moreover, functionality of respective
focus areas can differ respectively (e.g., so as to opti-
mize multi-tasking). Likewise, multiple progressive
shrink areas can be defined, and functionality (e.g., with
respect to modifying display object behavior) can be var-
ied as desired.
[0030] The subject invention will now be described
with respect to many figures that are intended to em-
phasize various generalizable aspects of the subject in-
vention - it is to be noted that these figures are not in-
tended to be exhaustive of the novel features of the sub-
ject invention but rather are meant to be examples of a
set of generalizations in accordance with the subject in-
vention. One particular aspect of the invention relates
to a notion of automated, patterned, canonical display
object (e.g., window) motion given enlargement or
opening of indicia at a center of focus. A concept behind
such notion is the idea that the invention can serve as
a "scalable fabric," to reconfigure one or more objects
on a display surface, based on automatic or semi-auto-
matic reconfiguration of the sizing and or position of mul-
tiple displayed objects, in reaction to the addition, dele-
tion, and movement of objects (e.g., windows) by users
or automated processes. Display surfaces that grace-
fully scale to hold increasing numbers of items, while
still providing detail to users about important objects,
can be supported by flexible policies for effecting shifts
of multiple display objects so as to automatically move
older, less active objects into a periphery--and to pop
them back when those objects go away. Some of the
following discussed figures capture a physical "pressure
model" but it is to be appreciated that other suitable
models can be employed and are intended to fall within
the scope of the hereto appended claims.
[0031] Another concept is a notion of fundamental
transitions or phases of transition that can be discontin-
uous, also to maintain, in a substantially continuous
manner scaling properties associated therewith. In such
case, a minimum density or resolution of an object can
be established as a threshold and the object can be ren-
dered into a different, potentially less visually accessible
representation - and the object(s) can be re-rendered
when other object(s) are closed. Thus, the subject in-
vention can provide for several multilevel transitions, in-
cluding continuous and potentially discontinuous transi-
tions.
[0032] The subject invention provides for continuous-
ly adding more objects and a mechanism for automati-
cally shifting and moving off and on objects, in a manner
that keeps the respective objects on a screen usable (e.
g., above a particular resolution). The invention also pro-
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vides a means for implicitly returning to similar state(s)
as newer objects are closed.
[0033] Figs. 3-13 illustrate a stable region (focus re-
gion) 160 and a periphery region (e.g., progressive
shrink region) 170 and a display object 190 changing
behavior based on at least location within a display
space 150 in accordance with the subject invention. It
is to be appreciated that the periphery of the stable re-
gion 160 can be demarcated with an outline (e.g.,
dashed line) or made invisible based upon user prefer-
ence. Moreover, if desired the stable region 160 can
have a different background or wallpaper than that of
the progressive shrink region 170 if desired. As shown
in Fig. 4, scaling of display objects can be based on a
function of distance from the focus area 160 and/or an
edge 180 of the display area. Moreover, the scaling can
be a function of a variety of predetermined and/or
learned metrics as discussed in part supra. It is to be
appreciated that initiation of scaling of display objects
can be effected as a function of a variety of physical pa-
rameters with respect to display object(s) and relative
location to the focus area 160 and/or edge 180. For ex-
ample, scaling can be initiated as soon as any portion
of a display object crosses a periphery of the focus area
160. Alternatively, scaling can be effected as a function
of distance from a midpoint (or other reference point) of
the focus area 160. Scaling could also be effected as a
function of speed of movement of display object(s) and/
or relative center of mass. Scaling could also be initiated
as a function of size of display object(s) and display area
constraints so as to facilitate optimization of valuable
display space real estate.
[0034] Scaling can also be initiated when the cursor
(being used for the object drag movement) crosses a
periphery boundary as discussed in greater detail be-
low. Moreover, it is to be appreciated that scaling and/
or behavior modification in accordance with the subject
invention can be based on linear and/or non-linear func-
tions. For example, scaling can be based on a linear
function relating to proximity to the focus area and/or an
edge of the display space. To avoid appearance of
abruptness, non-linear based techniques can be em-
ployed to effect more smooth transitioning from one
state to another. Regarding display space corners, a va-
riety of object and/or cluster scaling and behavior mod-
ification techniques can be employed. One specific ex-
ample is to scale objects in corners as a function of min-
imum of scales as defined by respective horizontal and/
or vertical positions of the objects relative to the corner.
It is to be appreciated that any suitable technique for
effecting smooth and natural scaling and/or modification
to objects and clusters is contemplated and intended to
fall within the scope of the hereto appended claims.
[0035] Turning to Figs. 5-13, a display object is shown
initially located in the focus area 160, where the display
object 190 exhibits standard behavior with respect to de-
sired size and functionality. As the figures progress, the
display object 190 is shown being moved or migrating

outside of the focus area 160 toward the progressive
shrink space 170. As the object 190 crosses a periphery
of the focus area 160, as shown in Figs. 7 and 8, behav-
ior of the display object is modified (e.g., window shrinks
in size, lower refresh rate, displaying more relevant sub-
objects over less relevant sub-objects, fading of the dis-
play object 190 ...) as shown in Fig. 9. More particularly
with regards to appearance of an object outside of the
focus area, the object can be a scaled snapshot of the
object as last appeared in the focus area. Another as-
pect provides for a scaled object showing continuous
changes thereto - it is to be appreciated that application
redirection can be employed so that unmodified appli-
cations can have their associated display objects mod-
ified without need to be aware thereof. Another aspect
provides for semantic zooming, which can be based for
example, on authored tags (e.g., HTML or XML tags)
that indicate what is most important, or an analysis of a
resulting image that determines most salient features (e.
g., author specified or deduced) would then be primarily
displayed whereby non-essential (or too small to read)
indicia is attenuated or not displayed.
[0036] It is to be appreciated that initiation of resizing
and/or behavior modification can be implemented in a
variety of manners. More particularly regarding transi-
tion points, when a display object crosses from a focus
area to a periphery (e.g., progressive shrink area) or
vice versa there is an instant when the object is deemed
to have migrated from one area to the other. The choice
of transition point should allow for predictable and in-
vertable scaling/behavior modification. The various
schemes for implementing such transition point include:
(1) using the center of a window - such technique is pre-
dictable and invertable, but may lead to problems if the
periphery is small compared to the size of the display
object (e.g., window); in other words, it may be possible
to drag a window into parts of the periphery; (2) leading
edge of display object entering periphery, and trailing
edge leaving - this is quite predictable, but not very ob-
vious to users. At present, one significantly effective
scheme for initiating resizing and/or object behavior
modification is based on (3) employing location of a cur-
sor being used to drag an object. For example, as the
cursor crosses a particular boundary (e.g., focus area
periphery) resizing and/or behavior modification can be
initiated. As the object 190 progresses toward the edge
180, behavior of the object 190 continues to change -
for example, the size of the object continues to reduce.
Other behavior can change as discussed supra, for in-
stance, the object can become less active as it moves
closer to the edge.
[0037] Figs. 14-17 illustrate an example where the
display object 190 is a web page window. As the window
moves from the focus area 160 into the progressive
shrink area 170, behavior of the window changes (e.g.,
it shrinks in size and becomes less active (for example,
refresh frequency is lower, functionality reduced). It is
to be appreciated that the window itself can change so
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that indicia that is difficult to discern within a small win-
dow size is not displayed and more prominent features
of the window are displayed. Alternatively or in addition,
more relevant objects (e.g., based on priority to a user)
within the window can be displayed or made relatively
larger and less relevant objects not displayed or made
relatively smaller.
[0038] When an object is moved into a peripheral re-
gion (e.g., progressive shrink area), the object can be
scaled as a function of location of a cursor during a
movement operation, and that cursor location can be
preserved. Once in the periphery, object occlusion
avoidance behavior can be employed as discussed be-
low. Moreover, objects can be clustered based on prox-
imity to cluster markers, and cluster occlusion avoid-
ance behavior can be employed. Cluster scaling can in-
clude both object scaling and appropriate changes to
distance between objects and a cluster center point.
[0039] Object behavior can be modified to support
task management. For example, when an object is
placed in a periphery its former focus position can be
preserved - likewise, a last periphery position can be
preserved. When a user selects (e.g., clicks) an object
in the periphery, it can be returned to its focus position.
When a user selects an object in the focus area (or in
the case of windows, minimizes the window), it is moved
to its periphery position. When a user selects a cluster
marker for a respective cluster situated in the periphery,
all objects presently in the focus area return to their pe-
riphery positions and the objects in the cluster move to
their focus positions. Selecting a cluster marker for an
already focused cluster can return the cluster to its
former periphery position. The above examples are
merely exemplary as to various techniques to facilitate
task switching, and are not intended to limit the subject
invention to these noted functionalities but rather they
are mentioned to provide context as to various function-
alities that can be implemented in accordance with the
subject invention.
[0040] It is to be appreciated that global controls can
be programmed and/or configured to implement con-
trols relative to background and/or environment of an
image space in accordance with the subject invention.
For example, global controls relative to the background
can change tilt angle or appearance of the background.
In addition, the global controls can enable adjustment
of viewing options associated with the image space al-
so, such as to switch between a two-dimensional or a
three-dimensional representation thereof. The global
controls can also include import controls - the import
controls, for example, can be employed to import one
or more clusters or graphical objects into the image
space. Those skilled in the art will understand and ap-
preciate various other types of peripheral devices or ap-
plications that can be used in conjunction with a graph-
ical user interface system in accordance with an aspect
of the present invention.
[0041] The scaling component can be utilized to im-

plement scaling globally across the image space. For
example, a reduction in scaling can be implemented to
accommodate a greater number of clusters and graph-
ical objects in a desired image space. Further, the scal-
ing component can be used to enlarge clusters and
graphical objects relative to the background or environ-
ment. In accordance with an aspect of the present in-
vention, such scaling can operate on clusters and ob-
jects independently of the environment or surface on
which such objects are visually displayed. Further it is
to be appreciated that different amounts of scaling can
be utilized for cluster indicators than for the objects as-
sociated with the respective indicators. In this way, in-
formation about a cluster can be maintained slightly
larger to facilitate locating the various clusters in the im-
age space.
[0042] The cluster controls can include a clustering al-
gorithm that is applied to implement clustering of objects
relative to cluster indicators in accordance with an as-
pect of the present invention. The clustering algorithm
can be operative to determine an appropriate cluster to
which an object is to be associated based on a relative
location or proximity between the object and the respec-
tive cluster indicators. For example, such a determina-
tion can be made based on location information associ-
ated with the respective cluster indicators and a select-
ed graphical object, such as when the object is moving
or when supplied to the image space. The clustering al-
gorithm can be programmed to automatically associate
each object with an appropriate cluster based on the dis-
tance of determination. Alternatively or additionally, a
threshold distance can be utilized, wherein a given ob-
ject must be within the threshold distance of a respective
cluster indicator in order to be associated with that re-
spective cluster.
[0043] The clustering algorithm further can be opera-
tive to automatically arrange graphical objects in a re-
spective cluster so as to maximize utilization of the im-
age space. Further, in a three-dimensional space, the
clustering algorithm can arrange graphical objects in a
respective cluster so as to partially occlude other ob-
jects, but still provide sufficient visual information to dis-
tinguish the graphical objects from each other.
[0044] A cluster movement/avoidance scheme can
be employed to control movement of a selected cluster
in the image space and interactions between clusters in
accordance with an aspect of the present invention. For
example, it may be desirable for a selected cluster that
is being moved to push other clusters when within a pre-
determined distance of the other cluster. The predeter-
mined distance can be a two-dimensional distance on
the screen or a simulated three-dimensional distance
according to the simulated three-dimensional image
space. Such an avoidance technique can help mitigate
occlusion of the objects in the respective clusters as a
given cluster (or group of clusters) is being moved in the
image space. In addition, after a cluster has been
pushed or moved from its original location, such as in
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response to being bumped or pushed by a selected clus-
ter, the cluster may rebound back to its original pre-push
position after the selected cluster has been moved suf-
ficiently away from the pre-push position. The rebound-
ing can be performed so that the cluster returns back to
its original position or it can rebound to an alternative
location in the image space based on the available lo-
cations and the relative size of the particular cluster.
Those skilled in the art will understand and appreciate
various modes of animation that can be utilized to pro-
vide a pleasing transition during the rebound condition.
[0045] The cluster controls further can include a clus-
ter context scheme, which provides a menu of available
operations that can be performed relative to a selected
cluster or group of clusters. The cluster context scheme,
for example, can display a pop-up menu of available op-
tions, which can include other associated pop-up or drop
down menus. Some possible menu options include
sending the selected cluster (including all associated
objects, e.g., image data, textual data, audio data, video
data, associated applications) to a desired destination.
The destination can include hardware and/or software,
which may reside on be coupled to the computer or other
device running the GUI. Alternatively, the destination
can be a remote destination, such as an email recipient,
a Web page, or other device. The options also can in-
clude performing editing of cluster annotations as well
as viewing images as part of show, which can include
annotations. Based on the description herein, those
skilled in the art will understand and appreciate other
possible operations that can be performed on a cluster
in accordance with an aspect of the present invention.
[0046] The behavior modification component can pro-
vide for object movement/avoidance that is operative to
control movement of an object relative to the image
space, such as for example based on user input infor-
mation. The object movement control further can imple-
ment occlusion avoidance during movement of the se-
lected object. For example, a selected graphical object
can be maintained in a foreground and display the se-
lected (or active) object in a highlighted condition to vis-
ually distinguish it from other objects as it is moved in
the image space.
[0047] The behavior component and the scaling com-
ponent can cooperate to implement desired 2D and 3D
mapping and scaling of the respective objects. Such
mapping and scaling can be implemented based on lo-
cation of the object and implemented global scaling. The
mapping and scaling also can vary depending on wheth-
er the image space corresponds to a two-dimensional
or three-dimensional representation.
[0048] The behavior modification component further
can provide an object context control function that is op-
erative to implement various menu options relative to a
selected object. The object context can be activated
based on user inputs for example. The behavior control
can enable a user to annotate a selected object, view
details of the object, or send the object to an application

or to one or more external devices. Additionally, general
editing can be performed relative to the object via an
object menu, such as duplicating, cutting, copying, past-
ing or deleting a selected object. A selected object also
can be sent to a desired destination, such as described
with respect to the cluster context. Those skilled in the
art will understand and appreciate various other opera-
tions that can be performed via similar types of menus
relative to a graphical object, all of which are contem-
plated as falling within the scope of the present inven-
tion.
[0049] Fig. 18 illustrates a plurality of display objects
situated with the display space 150. As shown, a display
object located within the focus area 160 is shown with
standard behavior. Other display objects are shown out-
side of the focus area with respective behavior modified
accordingly. Another aspect of the invention provides for
clustering or grouping display objects and effecting be-
havior modification to a particular cluster or group en
masse. Thus, the display object cluster 210 (related to
college) is shown with behavior modified as a group - if
the cluster 210 is moved within the focus area 160, all
display objects that are part of the cluster will concur-
rently exhibit behavior consistent with standard respec-
tive behavior within the focus area 160. Such aspect of
the invention significantly facilitates multi-tasking oper-
ations within a computing environment. As any of the
clusters 210, 212 or 214 move toward the edge 180, the
behavior of the clusters will modify accordingly (e.g.,
size of windows changes, activity of windows chang-
es...). Typically, when a cluster is scaled, the individual
objects that are part of the cluster are scaled as well.
However, in such case, if the objects are scaled and their
relative positions remain unchanged, they can appear
to move away from the center of the cluster - to address
this issue, the objects can be moved closer to the center
of the cluster as the cluster scale is reduced.
[0050] It is to be appreciated that within cluster(s), the
behavior of respective display objects can change uni-
formly and/or uniquely. For example, within a particular
cluster one display object can have a higher priority than
other display objects within the cluster and thus activity
of the one display object can be maintained at a higher
level than that of the other display objects. It is to be
appreciated that any suitable hierarchical classification
of respective behavior modifications to display objects
with a cluster or group can be employed in accordance
with the subject invention.
[0051] Figs. 19-20 illustrate an aspect of the invention
as applied to a small display space area 230 (e.g., as-
sociated with a portable computing device, personal da-
ta assistant or wireless telephone). In Fig. 19, various
display objects are shown located outside of a focus ar-
ea 250. Fig. 20 illustrates display object 240 after being
moved into the focus area.
[0052] As discussed supra regarding occlusion avoid-
ance, when a display object is moved in the periphery,
it is desirable to mitigate the possibility that one object
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could completely obscure another. Accordingly, various
schemes such as those described in U.S. Patent Appli-
cation Serial No. 09/152,712 filed on September 14,
1998 (Now U.S. Patent No. 6,414,677) entitled METH-
ODS, APPARATUS AND DATA STRUCTURES FOR
PROVIDING A USER INTERFACE WHICH EXPLOITS
SPATIAL MEMORY IN THREE-DIMENSIONS, TO OB-
JECTS AND WHICH VISUALLY GROUPS PROXIMAL-
LY LOCATED OBJECTS;,and U.S. Patent Application
Serial No. 10/092,458, filed on March 7, 2002 and enti-
tled GRAPHICAL USER INTERFACE, DATA STRUC-
TURE AND ASSOCIATED METHOD FOR CLUS-
TER-BASED DOCUMENT MANAGEMENT, can be em-
ployed - the entireties of these two applications are in-
corporated herein by reference. Accordingly, objects
move out of the way when an object is moved past them,
and return to their original position when the moved ob-
ject has passed. This is predictable behavior, since the
user can stop at any point and no further movement oc-
curs. It is appreciated that as objects move out of the
way, their respective scale can be updated based at
least in part upon new location.
[0053] Figs. 21-39 illustrate an optional aspect of tran-
sition of display objects off of a screen (e.g., to side bar)
to another iconic form in accordance with the subject
invention. In Fig. 21, the display object 190 is shown
moving to the edge 180 of the display area 150. As the
object reaches the edge 180 in Figs. 21 and 22, the ob-
ject 190 migrates into a side bar 270 where a plurality
of display objects 280 are shown residing therein. The
side bar allows efficient grouping of display object(s)
that are not currently being actively used. The display
objects can be organized in the side bar 270 in accord-
ance with a variety of manners (e.g., order of entry into
side bar, priority, age of use...).
[0054] As shown in Figs. 25-33, the side bar 270 can
be modified in size (e.g., width or height) and as is typical
with conventional side bars repositioned with a display
space as desired. As an object enters the side bar 270,
the object can automatically position itself as a suitable
location within the side bar. Figs. 34 and 35 illustrate
that particular display object(s) 190 can be modified to
have behavior (e.g., size, refresh rate,...) different from
other display objects within the side bar. Figs. 36-39 il-
lustrate that the side bar 270 can be hidden (e.g., auto-
matically or manually) from view during periods of non-
use.
[0055] Figs. 40-47 illustrate that the focus region 160
and/or progressive shrink region 170 as well as display
space 150 can be selectively modified in size and/or
shape. Figs. 40 and 41 depict the focus region 160 being
scalable in vertical and/or horizontal directions. Like-
wise, Figs. 42 and 43 illustrate the progressive shrink
region 170 being configurable in vertical and/or horizon-
tal directions. Figs. 44-47 illustrate that the geometry (e.
g., square, rectangle, polygon, circle, ellipsoid,... ) of the
focus region 160 and/or progressive shrink region 170
and/or display area 150 can be selectively configured in

accordance with user preference(s). It is to be appreci-
ated that the various sizes and/or geometries of the re-
spective focus area 160, progressive shrink area 170
and display area 150 can be automatically modified in
accordance with a particular state of respective display
objects and/or user tasks and/or inferred goals.
[0056] Figs. 48-66 illustrate an aspect of the subject
invention such that modification to a primary display ob-
ject 300 results in modification to various secondary ob-
jects 310 so as to make efficient use of the display space
and enhance a UI experience via the subject invention.
More particularly, and for example, Figs. 48-51 depict
the display object 300 being modified (e.g., increased
in size), and by doing so, other secondary display ob-
jects are modified (e.g., reduced in size, displaced on
screen, change in refresh rate or activity, change in dis-
play of sub-objects...) in accordance with the modifica-
tions to the primary display object 300. It is to be appre-
ciated that any suitable optimization protocol can be em-
ployed so as to define such modification behavior to sec-
ondary objects vis a vis modifications to a primary ob-
ject. For example, various metrics can be employed
such as for example, state of display objects, state of
user, goals of user, prioritization of display objects, his-
torical data relating to prior user activity, inferred goals
of a user, utility-based analysis... . It is to be appreciated
that the aforementioned discussion relating to object
and/or cluster occlusion avoidance behavior is applica-
ble to the subject invention as depicted in connection
with these figures.
[0057] Figs. 52-54 illustrate that when an object
reaches the edge 180, the side bar 270 can automati-
cally reappear (e.g., unhide). Figs. 55-68 illustrate that
as the display object 300 is reduced in size, behavior of
the secondary display objects can be modified as well
(e.g., reverse modification so as to progressively revert
to earlier state). It is also to be appreciated that various
animated techniques (e.g., display object rebounding,
bouncing...) can be effected via the subject invention so
as to enhance a user experience.
[0058] Referring now to FIG. 69, there is illustrated a
block diagram of a computer operable to execute the
disclosed architecture. In order to provide additional
context for various aspects of the present invention,
FIG. 69 and the following discussion are intended to pro-
vide a brief, general description of a suitable computing
environment 900 in which the various aspects of the
present invention may be implemented. While the inven-
tion has been described above in the general context of
computer-executable instructions that may run on one
or more computers, those skilled in the art will recognize
that the invention also may be implemented in combi-
nation with other program modules and/or as a combi-
nation of hardware and software. Generally, program
modules include routines, programs, components, data
structures, etc., that perform particular tasks or imple-
ment particular abstract data types. Moreover, those
skilled in the art will appreciate that the inventive meth-
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ods may be practiced with other computer system con-
figurations, including single-processor or multiproces-
sor computer systems, minicomputers, mainframe com-
puters, as well as personal computers, hand-held com-
puting devices, microprocessor-based or programma-
ble consumer electronics, and the like, each of which
may be operatively coupled to one or more associated
devices. The illustrated aspects of the invention may al-
so be practiced in distributed computing environments
where certain tasks are performed by remote process-
ing devices that are linked through a communications
network. In a distributed computing environment, pro-
gram modules may be located in both local and remote
memory storage devices.
[0059] With reference again to Fig. 69, the exemplary
environment 900 for implementing various aspects of
the invention includes a computer 902, the computer
902 including a processing unit 904, a system memory
906 and a system bus 908. The system bus 908 couples
system components including, but not limited to the sys-
tem memory 906 to the processing unit 904. The
processing unit 904 may be any of various commercially
available processors. Dual microprocessors and other
multiprocessor architectures also can be employed as
the processing unit 904.
[0060] The system bus 908 can be any of several
types of bus structure including a memory bus or mem-
ory controller, a peripheral bus and a local bus using any
of a variety of commercially available bus architectures.
The system memory 906 includes read only memory
(ROM) 910 and random access memory (RAM) 912. A
basic input/output system (BIOS), containing the basic
routines that help to transfer information between ele-
ments within the computer 902, such as during start-up,
is stored in the ROM 910.
[0061] The computer 902 further includes a hard disk
drive 914, a magnetic disk drive 916, (e.g., to read from
or write to a removable disk 918) and an optical disk
drive 920, (e.g., reading a CD-ROM disk 922 or to read
from or write to other optical media). The hard disk drive
914, magnetic disk drive 916 and optical disk drive 920
can be connected to the system bus 908 by a hard disk
drive interface 924, a magnetic disk drive interface 926
and an optical drive interface 928, respectively. The
drives and their associated computer-readable media
provide nonvolatile storage of data, data structures,
computer-executable instructions, and so forth. For the
computer 902, the drives and media accommodate the
storage of broadcast programming in a suitable digital
format. Although the description of computer-readable
media above refers to a hard disk, a removable mag-
netic disk and a CD, it should be appreciated by those
skilled in the art that other types of media which are
readable by a computer, such as zip drives, magnetic
cassettes, flash memory cards, digital video disks, car-
tridges, and the like, may also be used in the exemplary
operating environment, and further that any such media
may contain computer-executable instructions for per-

forming the methods of the present invention.
[0062] A number of program modules can be stored
in the drives and RAM 912, including an operating sys-
tem 930, one or more application programs 932, other
program modules 934 and program data 936. It is ap-
preciated that the present invention can be implemented
with various commercially available operating systems
or combinations of operating systems.
[0063] A user can enter commands and information
into the computer 902 through a keyboard 938 and a
pointing device, such as a mouse 940. Other input de-
vices (not shown) may include a microphone, an IR re-
mote control, a joystick, a game pad, a satellite dish, a
scanner, or the like. These and other input devices are
often connected to the processing unit 904 through a
serial port interface 942 that is coupled to the system
bus 908, but may be connected by other interfaces, such
as a parallel port, a game port, a universal serial bus
("USB"), an IR interface, etc. A monitor 944 or other type
of display device is also connected to the system bus
908 via an interface, such as a video adapter 946. In
addition to the monitor 944, a computer typically in-
cludes other peripheral output devices (not shown),
such as speakers, printers etc.
[0064] The computer 902 may operate in a networked
environment using logical connections to one or more
remote computers, such as a remote computer(s) 948.
The remote computer(s) 948 may be a workstation, a
server computer, a router, a personal computer, portable
computer, microprocessor-based entertainment appli-
ance, a peer device or other common network node, and
typically includes many or all of the elements described
relative to the computer 902, although, for purposes of
brevity, only a memory storage device 950 is illustrated.
The logical connections depicted include a LAN 952 and
a WAN 954. Such networking environments are com-
monplace in offices, enterprise-wide computer net-
works, intranets and the Internet.
[0065] When used in a LAN networking environment,
the computer 902 is connected to the local network 952
through a network interface or adapter 956. When used
in a WAN networking environment, the computer 902
typically includes a modem 958, or is connected to a
communications server on the LAN, or has other means
for establishing communications over the WAN 954,
such as the Internet. The modem 958, which may be
internal or external, is connected to the system bus 908
via the serial port interface 942. In a networked environ-
ment, program modules depicted relative to the compu-
ter 902, or portions thereof, may be stored in the remote
memory storage device 950. It will be appreciated that
the network connections shown are exemplary and oth-
er means of establishing a communications link be-
tween the computers may be used.
[0066] What has been described above includes ex-
amples of the present invention. It is, of course, not pos-
sible to describe every conceivable combination of com-
ponents or methodologies for purposes of describing
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the present invention, but one of ordinary skill in the art
may recognize that many further combinations and per-
mutations of the present invention are possible. Accord-
ingly, the present invention is intended to embrace all
such alterations, modifications and variations that fall
within the spirit and scope of the appended claims. Fur-
thermore, to the extent that the term "includes" is used
in either the detailed description or the claims, such term
is intended to be inclusive in a manner similar to the term
"comprising" as "comprising" is interpreted when em-
ployed as a transitional word in a claim.

Claims

1. A system that facilitates multi-tasking in a comput-
ing environment, comprising:

a focus area component (120) that defines a fo-
cus area (160) within a display space (150), the
focus area (160) occupying a subset area of the
display space (150) area; and
a scaling component (130) that scales display
objects (190) as a function of proximity to the
focus area (160).

2. The system of claim 1, the scaling component (130)
scaling down a display object (190) located outside
of the focus area (160).

3. The system of claim 1, further comprising a behav-
ior component (140) that regulates behavior of a
display object (190) as a function of proximity to the
focus area (160).

4. The system of claim 3, the behavior component
(140) regulating refresh rate of the display object
(190).

5. The system of claim 3, the behavior component
(140) making the display object (190) static when
the display object (190) is outside of the focus area
(160).

6. The system of claim 1, the display object (190)
moved outside of or into the focus area (160) auto-
matically.

7. The system of claim 6, further comprising an infer-
ence component that facilitates automatic move-
ment of the display object (190) as a function of in-
ferring a user's intentions with respect to manipu-
lating the display object (190).

8. The system of claim 3, the behavior component
(140) effecting the display object (190) to behave in
a standard manner with full functionality when lo-
cated with the focus area (160).

9. The system of claim 3, the behavior component
(140) causing the display object (190) to increas-
ingly fade as it progressed toward an edge of the
display space (150).

10. The system of claim 3, the behavior component
(140) modifying behavior of the display object (190)
as a function of a number of display objects within
the display space (150).

11. The system of claim 3, the behavior (140) compo-
nent modifying a minimum density or resolution of
the display object (190).

12. A portable computing device employing the system
of claim 1.

13. The system of claim 1, the scaling component (130)
effecting scaling of an object (190) as a function of
location of a cursor employed to move the object
(190).

14. The system of claim 1, the scaling component (130)
automatically shifting location of the display objects
(190).

15. The system of claim 1, the focus area component
(120) defining a progressive shrink area (170).

16. The system of claim 1, the scaling component (130)
reducing in size the display object (190) as it nears
an edge of the display space (150).

17. The system of claim 3, the behavior component
(140) effecting shifts of multiple display objects
(190) so as to automatically move older, less active
objects into a peripheral region of the display space
(150).

18. A method that facilitates optimizing display space
utilization, comprising:

defining a focus area (160) within a display
space (150), the focus area (160) occupying a
subset area of a display space (150) area;
defining a progressive shrink area (170) within
the display space (150), the progressive shrink
area (170) occupying a subset area of the dis-
play space (150) area; and
scaling display objects as a function of proxim-
ity to the focus area (160).

19. The method of claim 18, further comprising modify-
ing behavior of at least one display object (190) as
a function of location in the display space (150).

20. A system that facilitates multi-tasking in a comput-
ing environment, comprising:
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means for defining a focus area (160) within a
display space (150), the focus area (160) occu-
pying a subset area of the display space (150)
area;
means for scaling display objects (190) as a
function of proximity to the focus area (160);
and
means for modifying behavior of the display ob-
jects (190) as a function of location within the
display space (150).
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